Optimization of PCR Conditions to Amplify SSR Markers in Sweet Cherry Cultivars by BERINDEAN, Ioana Virginia et al.
201
Print ISSN 1843-5246; Electronic ISSN 1843-5386
Optimization of PCR Conditions to Amplify SSR Markers in Sweet Cherry Cultivars
Ioana Virginia BERINDEAN1), Elena TĂMAŞ1), Eugen CARDEI2), Doru PAMFIL*1)
1)Faculty of Horticulture, University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca,
3-5Calea Manastur, 400372, Romania; pamfild@usamvcluj.ro
2)Fruit Research and Development Station Iaşi, 175 Sos.Voinesti St., 707305 Iaşi, Romania
Abstract. In all Romanian national fruit collections, all accessions holding a phenotypic, biochemical
and genetic evaluation, but less a molecular level assessment of their….. For introduction of this
material (accessions) into the breeding programs is necessary and important to know the level of
characterization. Considering this fact, in the present study was optimization of the PCR protocol,
specially annealing temperature of fifteen SSR primer pairs to characterize and study the genetic
similarity and to determine the polymorphism between 36 sweet cherry accessions from I.C.D.P. Iasi,
Romania. In the optimization process of annealing temperature for primers, was started with 5oC less
them the temperature recommendated by the manufacturer, gradually ascending with 1-2oC/PCR
cycle, up to 10-11oC, above the recommended value. For every primers pairs it was 6-7 steps for
optimization of annealing temperature, obtaining satisfactory results to the following primers pairs:
UCDCH17, UDP96-001 and PceGA25 at 65oC, UCDCH21: 64oC, UCDCH31: 66oC,:UPD97-402:
60oC, PMS3: 68oC. The primer pairs UDP96-008 obtained at 65oC, monomorphic bands, so it was
excluded from the analysis. The other reagents used in PCR and temperature regimes (denaturation
and extension temperature) were kept constant. From these results we conclude the transferability and
applicability of SSR markers for genotyping and phylogenetic studies in the genus Prunus.
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INTRODUCTION
Sweet cherry (Prunus avium L., Rosaceae), are usually diploid (2n = 16
chromosomes), that occurs naturally from western Eurasia to northern Africa (Webster, 1996;
Faust, 1997; Iezzoni, 2008). The cherry origin is assumed to be around the Caspian and Black
Sea, from whence it spread further and in the present are found across mainland Europe and
western Asia (Webster, 1996).  In Europe, the sweet cherry grow well mainly in Greece, Italy
and Spain. (Gunar, 2010). In Romania, old assortment of cherry was continuously improved
with the introduction of the culture of foreign and domestic varieties valuable but also by the
selection of clones of existing range.
The collection from I.C.D.P. Iasi, include experimental fields which lists a large
number of Romanian and foreign genotypes, varieties, landrace cultivars, selection, hybrids
with a complex genealogy and which are in advanced generations of hybridization,
backcrossing and selection. This collections hold a phenotypic, biochemical and genetic
evaluation less a molecular evaluation of their.
As we know, in the breeding program for any plants, the most important technique is
genetic variability (Khush, 2002) and also, the conservation of genetic resources are essential
for this program (Tavaud et al., 2004).
To achieve this, the DNA-based molecular methods of RAPDs (Shimada et al.,
2001; Cai et al., 2007; Khadivi-Khub et al., 2008), AFLPs (Struss et al. 2002, 2003) and SSRs
(Struss et al., 2002, 2003; Wunsch and Hormaza 2002, 2004; Gunar et al., 2009, 2010) are
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widely used for sweet cherry germplasm characterization and the assessment of genetic
diversity.
Microsatellite markers (SSR), are the most used molecular markers, due to their
uniform distribution in the genome, the high polymorphism and reproducibility; possibility
for automation of analysis; simple interpretation of the results and codominant character
(Powell et al., 1996, Cantini et al., 2001; Zhang et al., 2008; Wunsch and Hormanza 2002,
2004).
Aim of the present study was optimization of the PCR protocol, specially annealing
temperature of fifteen SSR primer pairs to characterize and study the genetic similarity and to
determine the polymorphism between 36 sweet cherry accessions from I.C.D.P. Iasi,
Romania.
This primers was developed and used by different authors in literature, for genetic
diversity in peach, sweet cherry, tetraploid cherry and sour cherry.
MATERIAL AND METHOD
Plant material and genomic extraction:
The genomic DNA was extracted from 36 sweet cherry genotypes, maintained at
I.C.D.P. Iasi, Romania, using the protocol described by Lodhi et al., 1994 and modified by
Pop et al., 2003 from young leaves which were collected in spring and then stored at -80°C.
Extracted DNA was quantified spectrophotometrically using a NanoDrop ND 1000 and
diluted then into 50 ng/μl with nuclease-free water (Promega) for PCR amplification.
PCR optimization and product electrophoresis:
The DNA extract was PCR-amplified using fifteen SSR primer pairs and
synthesized by Generi Biotech – Czech, developed and used in peach, sweet cherry, tetraploid
cherry and sour cherry by different authors (Table 1), with a final concentration of 10
pmol/reaction and with the denaturing temperature specified for each primer pairs (table 2).
PCR amplification reactions were carried out in 15 μl total volume reaction mixtures
consisting of: 20 ng DNA, 0,2 uM per forward and reverse primer and 2x PCR Master-mix
(dNTP, MgCl2 and Taq polimerase - Lonza)
For optimization of the annealing temperature for each SSR primer pairs, the PCR
amplification was carried out in a 96 Well Gradient Palm-Cycler CG1-96 (Corbett Research),
using 2 protocols of PCR:  gradient PCR and touchdown PCR.
Gradient PCR program: initial denaturation was 3 min. at 94ºC, followed by 30
cycles of denaturation: 45 sec. at 94ºC; annealing temperature: 30 sec between 50-69ºC and
extension: 45 sec. at 72ºC, final extension: 10 min. at 72oC.
Touchdown PCR program: initial denaturation was 3 min. at 94ºC, followed by 30
cycles of 45 sec. at 94ºC, (temperature was decreased with 1oC/cycle), annealing temperature:
45 sec. at 45-69ºC (depends on primer), and extension: 45 sec. at 72ºC. After a final extension
for 10 min at 72ºC, the samples were stored at 4ºC prior to analysis.
The amplifications of the genomic DNA were confirmed on 1,4% agarose gel
(Promega), using 100 pb DNA Step Ladder (Promega), stained with ethidium bromide and
were visualized on a UV light Biospectrum AC Imaging System (UVP BioImaging Systems).
Due to small base pair size the alleles were not resolved on the agarose. PCR
products were separated in 6% - denaturing polyacrylamide gel in 1xTBE buffer, at a constant
power of 550 W, 15 mA, for 90 min, after a pre-run of the gels for 30 min. The
polyacrylamide electrophoresis gels were prepared and silver stained as described by
Benbouza et al. (2006).
203
Tab. 1
Sequences and source of the SSR pairs of primers used for genetic diversity in sweet cherry
Crt.
no. Primer name Primer sequences F/R References
1. PS12A02 GCC ACC AAT GGT TCT TCC
AGC ACC AGA TGC ACC TGA
Downey and
Iezzoni, 2000
2. UDP96-001 AGT TTG ATT TTC TGA TGC ATC C
TGC CAT AAG GAC CGG TAT GT Cipriani et al., 1999
3. UDP96-003 TTG CTC AAA AGT GTC GTT GC
ACA CGT AGT GCA ACA CTG GC Cipriani et al., 1999
4. UDP97-402 TCCCATAACCAAAAAAAACACC
TGGAGAAGGGTGGGTACTTG Cipriani et al., 1999
5. UDP97-403 CTGGCTTACAACTCGCAAGC
CGTCGACCAACTGAGACTCA Cipriani et al., 1999
6. UCD-CH17 TGG ACT TCA CTC ATT TCA GAG A
ACT GCA GAG AAT TTC CAC AAC CA Struss et al., 2003
7. UCD-CH19 GTA CAA CCG TGT TAA CAG CCT G
ACC TGA ACT ACA TAA GCA TTG G Struss et al., 2003
8. UCD-CH21 TTG TTG ACC ATC GAA TAT GAA G
GAA GGT ACA TGG CGT GCC Struss et al., 2003
9. UCD-CH31 TCC GCT TCT CTG TGA GTG TG
CGA TAG TTT CCT TCC CAG ACC Struss et al., 2003
10. PMS3 TGG ACT TCA CTC ATT TCA GAG A
ACT GCA GAG AAT TTC ACA ACC A Cantini et al., 2001
11. PMS40 TCA CTT TCG TCC ATT TTC CC
TCA TTT TGG TCT TTG AGC TCG Cantini et al.,  2001
12. PMS49 TCA CGA GCA AAA GTG TCT CTG
CAC TAA CAT CTC TCC CCT CCC Cantini et al.,  2001
13. PceGA25 GCA ATT CGA GCT GTA TTT CAG ATG
CAG TTG GCG GCT ATC ATG TCT TAC Cantini et al., 2001
14. PceGA50 TTC CGT CCG AAG AAA TGA TTC A
TAA CTA ATG CAG CAG AGC AGC ACA Struss et al., 2002
15. PceGA59 AGA ACC AAA AGA ACG CTA AAA TC
CCT AAA ATG AAC CCC TCT ACA AAT Cantini et al., 2001
The gel solution was applied to the assembled gel plates (0.35 mm thick) using
TV400-DGGE Sequencing electrophoresis apparatus (Scie-Plas). The amplification products
were denatured for 2 min at 92°C before being applied to the gel in 2 μl containing an equal
volume of stop solution (Benbouza et al., 2006).
RESULTS AND DISCUSSIONS
Annealing temperature is an important factor that need adjustment in the PCR
reaction and is determined from the denaturing temperature (Tm). This can be calculated
using different formulas, the simplest being that developed by Wallace:
Tm = 2(A+T)+4(G+C)
Where: A, T, G, C is the bases number of primer.
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Hecker and Kenneth (1996), consider that the changes in the free Mg2 or dNTP
concentration, or depletion of primer, are usually not considered to influence significant the
Tm (denaturing temperature). But, Henegariu et al., (1997), believes that in the process of
PCR amplification the flexibility of this parameter allows optimization of the reaction in the
presence of variable amounts of other ingredients (especially template DNA).
The optimal amplification depends on several factors including temperature profile,
and the concentration of reagents in the buffer. The most straightforward way of optimizing a
PCR with a given primer pair is to change the concentration of MgCl2 or the annealing
temperature (Nazneen et al., 2002).
In our study we used 2x Red PCR Master-mix from Lonza, where the concentration
for all components are standard and in the PCR reaction buffer the final concentration of
MgCl2 it was 1.5 mM which is the recommended concentration and are basically the same too
(Saiki et al., 1988).
Generally accepted rule is to use an initial annealing temperature by 5°C lower than
the denaturing temperature. Most of the times this value is not optimal and it is necessary to
determine empirically the annealing temperature (Sisea and Pamfil, 2009).
Initial, in our study, we start with 3 - 5oC less then the denaturing temperature
recommended by the company, increasing step by step with 2oC up to 10-11oC (in a few
cases) for every PCR amplification/primer pairs. Almost half of the studed primers pairs were
successfully amplified and non-specific products were not observed in 6% - polyacrylamide
gel. The results of PCR amplification at varying annealing temperatures are given in table 2.
Using the same conditions recommended by Cipriani et al. (1999), in his study, were
the primer gave a successfully amplification including in sweet cherry, in our study only
raising the temperature up to 68°C, controlled their non-specificity at 6% - polyacrylamide
gel. For  the UDP96-001 primer pairs, at 55oC  non-specific products were not present after
migration in agarose gel, but were observed in 6% - polyacrylamide gel. Also, the next 3
primers pairs UDP96-003, UDP97-402 and UDP97-403, was used by the same authors with
best results for amplification in all Prunus species, in our study the secondary product after
migration in 6% - polyacrylamide gel were not generated only by UDP97-402 when
annealing temperature was at 60oC (Tab. 2). The group of primers UCD-CH17, 19, 21 and 31,
used by Struss et al., (2003) to evaluate fifteen cultivars of sweet cherry with best results, in
our study no secondary PCR products were observed in agarose gel and also in 6% -
polyacrylamide gel when annealing temperature it was at 65oC in case of UCD-CH17 primer
pairs (Fig.1), at 64oC for  UCD-CH21 and 66oC for UCD-CH31 primer pairs. The
amplification with UCD-CH19 primer pairs gave the secondary product in all cases, even
when annealing temperature was less or over with 5oC  then denaturing temperature
recommended by manufacturer or authors (Tab. 2).
Fig.1 The PCR product obtained with the primer pair UCD-CH17 separated in agarose gel
(left) and 6%-polyacrylamide gel (right)
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In addition the separation of PCR product amplified with UCD-CH17, in 6%-
polyacrylmide gel generated two bands with size range between 186-190 bp.
Cantini et al. (2001), used the next group of primer pairs PMS3, 40 and 49,
PceGA25 and 59 for germplasm fingerprinting of tetraploid cherry “because they
characteristically display high level of polymorphism”. Using the annealing temperature
recommended by authors (55oC), all primers pair from this group shows secondary products
in agarose gel migration and also in 6% - polyacrylamide gel migration. Only when the
annealing temperature was rise up to 68oC the primers pairs PMS3 and 65oC in case of
PceGA25 did not generated secondary products.
In many cases the denaturing temperature between forward and reverse primers from
the same pairs is different with 2-5oC which can cause troubleshooting in the PCR
amplification, especially to find the optimum for annealing temperature (Tab. 2).
Tab. 2.
The results of annealing temperature optimization for fifteen SSR primer pairs
Tm(C)*
(0C)
Presence of secondary
products
No. Primer name
F** R**
Ann.
temp.
(0C)***
Ann. temp.
optimization
(0C) Agarose gel 6% - polyacc. gel
Product
size
(bp)
1
PS12A02 58.61 60.46 56
54; 56;
58; 60; 62;
64; 66; 68.
+ +
+  n.d.,n.d
+  +  +
n.d, +,
n.d, + +
n.d.,+.,n.d
178
2 UDP96-001 53.84 59.13 55-63 55; 57; 58; 60; 63;65
- + +
n.d; +, n.d
+  +  n.d;
+  + - 108-140
3 UDP96-003 57.43 62.07 55-63 55; 57; 5960; 61; 63;
- + n.d
- n.d; +
+  +  +
+ + + 135-155
4 UDP97-402 54.23 60.42 55-63 54; 56; 57;58 60; 62
+ + n.d
+ - n.a.
n.d; + +
+ -  n.d 130-170
5 UDP97-403 61.08 60.45 55-63 55; 56; 60; 62; 64;66
+ + +
+ + n.d
+ n.d +
+  + n.a 120-150
6 UCD-CH17 55.71 59.4 55-60 50; 52; 56; 60;61;63; 65
+  +  +
+ + n.d -
+ n.d; n.d
+ + +; - 186-190
7 UCD-CH19 59.89 55.33 55-60 50; 52; 56; 60;61;63; 65
+ +  +
+ + + n.a
+ n.d; n.d
+ + n.r; 122
8 UCD-CH21 53.05 61.52 55-60 50; 53; 5460; 61; 64
+ + +
+ + -
+ n.d; n.d
+ + - 115-122
9 UCD-CH31 60.84 58.98 55-60 55; 57; 6062; 64; 66
+ + +
n.d + -
+ + n.d
+ + - 110-125
10 PMS3 55.71 57.13 55 50; 52; 55; 60;62;65; 68
+  +  +
+ + n.d +
+ n.d; n.d
+ + + - 152-200
11 PMS40 56.12 56.2 55 53; 55; 60; 62;65;68
+  + +
+ n.d n.a
+ n.d; n.d
+ + 88-110
12 PMS49 58.35 61.02 55 55; 57; 6062; 64; 68
+ +. +
n.d, +  n.a
+ + n.d
+ + -
13 PceGA25 57.31 61.43 55 53; 55; 57;61; 63; 65;
+ n.d. +
+ + -
+ + n.d
+ + - 160-200
14 PceGA50 56.66 61.37 - 53; 55; 57;60; 63; 65
+ n.d. +
+ + -
+ + n.d
+ + + 170-175
15 PceGA59 53.9 55.07 55-62 50; 52; 55;58.3; 62;
- + n.d
+ +
+ n.d; +
n.d, + 180-225
*Tm(C) – melting (denaturing) temperature (Generi Biotech – Czech); ** F-forward and R-reverse
*** Annealing temperature recommended by authors (see table 2); + Presence of secondary products; -  absence
of secondary products; n.a. – no amplification; n.d.- not done (no migration); Bp=base pairs
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It can be an explication for our results, were succeeded the annealing temperature for
only 45% (7 primers pairs) from fifteen used in our study. In generally, a PCR reaction
requires primers with similar annealing temperature and will not run properly if the two
temperatures are very different between primers/set, because the primer with a higher
annealing temperature can bind non-specifically products if the temperature is optimal for the
other primer and this will not remain attached to the first primer specific temperature, which
is too high (Sisea and Pamfil, 2009).
CONCLUSION
In the present study, only for 45% from all sets of primers, was found the optimum
annealing temperature to amplify the sweet cherry varieties and indicating transferability from
another Prunus species. The normal range of annealing temperature is 36-75°C. The
annealing temperature 65°C was found optimum to amplify with primer pairs UDP96-001,
UCD-CH17 and PceGA25. Lowest of optimum annealing temperature was found 60oC for
UDP97-402 primer pairs. From all 5 primer pairs which were selected from Cantini et al.
(2001) research article, only for 2 primer pairs was found the optimum of annealing
temperature (PceGA25 – 65oC and PMS3 – 68oC) up above with 10 and 13oC  respectively.
The rest of primer pairs gave the non-specific products in all cases, even when  annealing
temperature was less or over with 5oC then denaturing temperature recommended by
manufacturer or authors. From these results we conclude the transferability and applicability
of SSR markers for genotyping studies in the genus Prunus.
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